SUMMARY Synovial tissue from 6 normal pigs and from 16 patients undergoing arthrotomy for joint disease was examined by dissecting microscopy. Scale models were constructed of 3 human synovial specimens from photographic magnifications of serial sections. Surface bridging and subintimal cavitation were observed, particularly in tissue from patients with rheumatoid arthritis. These features suggest that synovial surface projections (villi) do not form simply by outgrowth. Reference to original haematoxylin and eosin stained sections suggested that tissue splitting contributes to the formation of villi.
The mode of formation of synovial villi is obscure. It is not known whether they develop as outgrowths of the synovial membrane or by delamination and partial detachment of small strips of the surface tissue.' The distinction between these 2 possible mechanisms is essential to the understanding of the increase in tissue bulk which occurs in chronic synovitis and which contributes to joint deformity and loss of function.
The detailed structure of synovial villi could provide circumstantial evidence for their mode of formation. Certain structural patterns cannot arise by simple outgrowths. These include perforations, bridged projections (attached to the tissue base at more than one point), and secondary blind cavities in the deep tissue. These features can occur only by either splitting or fusion of preformed projections. The present study was designed to assess whether these structural patterns occur in normal or arthritic synovial membrane.
Materials and methods
Pig material. Fresh pigs' hind trotters were obtained from a commercial butcher. Skin, subcutaneous tissue, and tendons were dissected away from the dorsal surface of the ankle joint. Synovial membrane was removed for dissecting microscopy in pieces approximately 1 cm wide.
Human material. Synovial material was collected from 16 patients. They included patients with simple Accepted for publication 15 September 1982. Correspondence to Dr J. C. W. Edwards, Rheumatology Department, University College Hospital, Grafton Way, London WC1. traumatic lesions such as torn meniscus, osteoarthritis, and rheumatoid arthritis. A full description is given in Table 1 . Tissue was cut into pieces 5-20 mm wide. All specimens were viewed under an Olympus dissecting microscope. Selected specimens with various surface appearances were embedded in paraffin for sectioning. Considerable care was taken to ensure that the specimens were embedded so that sections were cut at right-angles to the surface. Sections were stained with haematoxylin and eosin.
Two samples of synovial membrane from patients with rheumatoid arthritis and one from a patient with degenerative joint disease with different surface appearances were selected for more detailed structural analysis. The specimens were serially sectioned at 5 Human specimens showed a wide range of surface appearances from smooth and flat to highly villous. Both flat and complex surfaces were seen in specimens taken from different areas of the same joint.
Specimens taken from patients with simple trauma (cases 1, 7, 10) had been taken from the anterior aspect of the knee cavity only. Further interference with the synovial membrane was not considered ethical in these cases. All specimens were uniformly smooth and flat, probably reflecting the anatomical site.
Forty-five of 56 specimens taken from patients with osteoarthritis had a flat synovial surface. Two of these specimens had clefts entering the subintima. Of jections derived from the same laminar base.
Twelve of 33 specimens taken from patients with rheumatoid arthritis had either flat or villous surfaces with no evidence of bridging or clefts entering the subintima. Fourteen specimens had clefts entering the subintima in otherwise flat areas, and as such could not merely be considered as recesses between villous outgrowths. Eight specimens carried bridged projections.
As with the osteoarthritic specimens bridging was seen only between projections derived from the same laminar base, and did not occur between villi in contact with each other but derived from separate nearby laminae. In 12 specimens surface clefts were found to be in continuity with interconnecting spaces in the subintima parallel to the surface (cases 6, 13, 15, and 16). These spaces could not be considered as simple recesses, since they could be fully exposed from the surface only by cutting away superficial layers of tissue with a scalpel. In specimens showing many interconnecting spaces the subintima could be expanded by traction at right-angles to the surface to show a mass of wafer-like laminations. In 3 specimens (case 15) it was impossible to identify a surface plane because projections and subintimal laminations formed a continuous complex mesh. Interconnecting spaces ran the full thickness of the tissue (5 mm). The presence of completely blind cavities could not be assessed, but deeper cavities appeared almost totally enclosed.
POLYSTYRENE SCALE MODELS
Three specimens were chosen for modelling. One osteoarthritic specimen (case 5) was chosen because it showed prominent projections (villi). One rheumatoid specimen (case 6) was chosen because it showed subintimal spaces, which were not manipulated during dissecting microscopy in this case. A second rheumatoid specimen was chosen because it showed adjacent areas of projections and lamination (case 16).
The first model included 10 projections which varied from finger-like to flange-like. Finger-like projections arose either directly from the tissue base or from laminae. The subintima was solid apart from one cavity which ran the width of the model and did not open on to the surface in the modelled area (Fig.  2) The second model represented a piece of tissue with a flat surface 5 mm square. The surface carried an elliptical hole 60 x 500 ,um wide and an oblique cleft with an opening 720 x 150 ,um across (Fig. 3) . Both defects communicated with a subintimal cavity approximately 100 ,um beneath the surface. This cavity was found on reference to tissue sections to be closed on 3 out of 4 sides (the fourth being at the edge Figs. 4, 5 Two sections ofthe second model shown at right-angles to the surface. Fig. 4 The 2 subintimal spaces described in the text are seen separated by a thin lamina (arrow (Figs. 4, 5) .
The cavities described showed typical 'synovial lining cells' on the H and E sections. These cells were continuous with the lining cells on the tissue surface, although they tended to be flatter and tended to be limited to a monlayer (Fig. 6) (Fig. 8) . These strips were attached by three-quarters or more of their margin to the larger projection, as judged by serial sections. Although the outer surface of the strip always carried an intact lining layer, the apposed surfaces of both the strip and the large projection were often only partially lined with evidence of cell damage. The appearance was consistent with splitting away of the avascular strip from the larger projection. It seems unlikely that such strips could develop by any other means, since they had no intrinsic blood supply.
Discussion
These observations indicate that synovial villi do not form solely by outgrowth. The presence of bridging indicates that either splitting or outgrowth, followed by subsequent fusion, occurs.
Various factors indicate that splitting is more likely than outgrowth with fusion. Bridging was found only between projections arising from the same lamina or fold of tissue. There was no cross-bridging between adjacent villi derived from separate folds of tissue. 
